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Description 

Background of the Invention 

This invention relates to a novel hybrid protein and, more particularly, to a synthetic blood coagulation inhibrtor 
having i, rno acid sequence composed o( two subsequences of human plasma Factor X and human L,poprote.n-As- 

comprises twodist.. systems - the so-called intrinsic 

and IsZsCs ?helattersvstem.act.atedbye^^^^ 

referred to as tissue factor (TF). fssue factor is a lipoprotein that arises .n the plasma membrane ^^'"y/;"^^^^^ 
and in which the brain and lung are particularly rich. Upon coming into contact whh Tl^, plasma Factor V • o^ts a^^/ated 
form Factor VIL, fomis a calcium-dependent complex with TF and then proteo^ically acl«.ates Factor X to Factor X 
and Factor IX to Factor IX„ thereby triggering a cascade of events which leads eventually to the fomiation of thrombin 

PlSl^LcSitainsa Lipoproteln-Associated Coagufetion Inhibitor (LACl) which inhlbfts active 

and, in a Xa-dependent manner, inhibits VII{a)^F actK^ity, presumab^ by fomning a ^^^}^'"^Zo^^^^uIS^,h^^^' 
^ex. See, e.g., Broze et al., Blood 71 . 335-343 (1988); Sanders et al., Jbid 66. 204-212 (1985); and Hubbard et al.. 
Thromb . Res. 44 , 527-537 (1987). ^ , . , 

Sequence ana^sis of complementary DNA clones has shown that UCI contains *^«!„^ff„^'y 7"^^;^,'!"" 

nitz-typo serine proLo hhibitory domains. See, e.g. Wun otal., J. Biol. Chem. 263, ^^^'^^' '^^-^^"^'^^ 
Thromb Res. 55 , 37-50 (1988); Girard et a!., Nature 33B . 518-520 (1989); and European Patent ApPl«^"°" 
318.451, published May 31, 1989. Both the first and second Kunitz domains of LAC! are necessary '"^ibrtion (^^^^^^^ 
(a)/TF The present inventors have proposed that in the putatK^e Xa/IAC1/Vll(a)n-F »ihlbiton^ complex, LACI s»irst Kunitz 
domain Is bound to the active site of VII(a)/TF while the second Kunitz domain is bound to Xa's actwe site as reported 

" ''SSSon 'Fac't'c^ X (SLt factor) is a two chain mCecule covafently linked by a disu«ide br^ge. ProteoVtic 
release of a peptide from the heavy chain of zymogen Factor X through the action of VII(a)/TF or Factor IXa wth rts 
cofactor Villa) produces the active enzyme Xa. The heavy chain of Xa contains the catalytic ^''e whereas )fas light 
chain contains an NH^-terminal. rcarboxyglutamk: acid (gla)-containing domain which is responsible fc^ Ca binding, 

30 followed by two growth factor-like domains which may in part mediate its interaction with specific coagulation oofactors. 
Chymotryptic treatment of bovine Xa cleaves the gla-containing domain from the NH^-terminus (;!f 'f^^, 

1-44), and although LACI binds to and Inhibits gla^omainless Xa, Xa(-GD). LACI in the presence of Xa(-GD) does not 
inhibit VII(a)/TF activity. 

3S Brief Description of the Invention 

In accordance with the present invention a novel single^hain hybrid protein is provided which is a potent blood 
coagulation inhibitor. This hybrid protein has been synthesized whereby it has an amino acid sequence composed of 
two subsequences of human plasma Factor X and human Lipoprotein-Associated Goagulatbn Inhibitor (LACI). respec- 
40 lively In this hybrid, protein, Factor Xa's light chain is fused to LACI's first Kunitz domain. , ^ , k, 

In a preferred embodiment, a genetically engineered hybrid protein, designated XlcLACIk,, consisting of the light 
chain of Factor X and UCl's first Kunitz domain, which inhibits W(ayTF activity directly was prepared. In contrast o 
U\Crs mode of action, inhibition of Vll(a)^F activity by XlcLACIk, is not Xa dependent XlcLACIk, expressed by' cells 
grown in the presence of warfarin, which inhibits yorboxylation of the hybrid protein, dramatically reduced inh,b,tory 
45 activity, thereby indicating the LACIk, portion of the hybrid protein alone was not sufficient for its inhibitory activity. 

In a preferred embodiment to prepare XlcLACIk, , conventional recombinant DNA procedures were used to design 
a hybrid gene encoding for Factor X's proleader sequence (which directs the 7-carboxylatlon of glutamic acids) and light 
chain fused to a sequence encoding LACI's first Kunitz domain. 

Using a previous numbering system in which amino acid -^1 was assigned to the first methionine after a stop codon 
50 ,n the 5'-noncoding regbn, \he first Kunitz donain was originally designated as LACI(47-117). See European F^atent 
Application No 31 8,451 . published H^ay 31 . 1 989. and Wun et al. . .1 Riol Chem. 263. 6001-6004 (1 988). In a preferred 
numbering system in which amino acid +1 is assigned to the NHj-temfiinus of the 276 amino acid LACI protein, the irst 
Kunrtz domain can be designated LACI(19-89). See Girard et al.. Nature 339, 518-520 (1989). It will be appreciated 
however that variations in length and compositbn of the first Kunitz domain or the individual internal ammo acids which 
55 do not adversely or detrimentally affect the biological activity of the hybrid protein as defined herein are included within 
the scope of the invention. Thus, in the illustrative embodiment, XlcLACIk,. the first Kunitz domain in the hybrri protein 
is a subsequence of 79 amino acids which includes LACI(12-88) with an additional Met-His at the C-tarminus. 

In a like manner, the light chain sequence of Factor X in the hybrid protein which includes the proleader sequence 
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(residues -40 to -1) and the light chain sequence (residues 1 to 131) tor a total of 171 amino acids in the preferred 
embodiment. XlcLACIkj, can also vary in length and composition or in the individual internal amino acids to the extent 
that it does not adversely or detrimentally affect the biological activity of the hybrid protein as defined herein. 

The cDNA sequence of a hybrid gene encoding for the XlcLACIki hybrid protein is shown in the following 788 bp 
5 sequence which includes portions of the 5'- and 3'-noncoding regions. Nucleotides are numbered above the cDNA 
sequence. The corresponding 250 amino acids of the hybrid protein are shown below the cDNA sequence. 
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10 20 30 40 50 60 

GGATCCGAATTCGGATCCACCATQGGGCGCCCACTGCACCTCGTCCTGCTCAGT6CCTCC 

hGRPLHLVLLSAS 

70 80 90 100 110 120 

CTGGCT6GCCTCCTGCTGCTCS6GGAAAGTCTGTTCATCCGCAGGGAGCA6GCCAACAAC 
LAGLLLLBESLFIRRECANN 



130 140 



160 170 IBO 



ATCCTGGCGAGGGTCACGASGGCCAATTCCTTTCTTGAAGAGATGAAGAAAGGACACCTC 
I L A R V T R . A N S F L E E M K 1' G H L 

190 21X- 210 220 230 240 

SAAAGAGAGTGCATGGAAGAGACCTGCTCATACGAAGAG5CCCGCGAGGTCTTTGA6GAC 
ERECMEETCEYEEAREVFED 

-50 26^ 270 2B0 290 300 

AGCGACAAGACGAATGAATTCTGGAATAAATACAAAGATGGCGACCAGTGTGAGACCAGT 
£ D t: T N E F W N K Y K D G D C! C E T S 

•rii-i 7;2<-) 330 340 350 360 

CCTTGCCAGAACCAGB3CAAATGTAAABACGGCCTCGGGGAATACACCTGCACCTGTTTA 

P C G N D E f:; C D 6 L E E Y T C T C L 

t;7o 380 390 400 410 420 

GAAGSATTCGAAGGCAAAAACTGTGAATTATTCACACGGAAGCTCTGCAGCCT6GACAAC 
EBFEGKNCELFTRKLCSLDN 

4^.0 ^.40 450 460 470 490 

GGBGACTGTBACCAETTCTBCCACEASSAACAGAACTCTGTGBTGTGCTCCTGCGCCirGC 

r: - 2- c- r- r y. - ^ '■< - V z z z f- f; 

RPeTA~r-.~CCTGeCTGfC"'^)CGGCA^)>"~~CT3CATTCrCA2A3BG232TAC 

G Y T L A t' ^•l 5 H - ^ ! w 



Y F T D 



SSn 560 570 580 590 600 

ACGGAGTTGCCACCACTGftAACTTATGCATTCATTTTDTBC^TTCAAGGCGGATGATGGC 
T E L F' P L K L K H S F C A F ^:: A D D G 

610 620 630 640 650 660 

CCATGTAAAGCAATCATGAAAAGATTTTTCTTCAATATTTTCACTCGACAGTGCGAAGAA 
F C K A I M K R F F F N I F T R Q C E E 

670 680 690 700 710 720 

7TTATATATGGGGGATGTGAAGGAAATCAGAATCGATTTGAAAGTCTGGAAGA6T6CAAA 
F I YGGC EGNQNRFESLEECK 

730 ' 740 750 760 770 7B0 

AAAATGTGTACAAGAGATAATGCAAACAGGATTATAAAGACAACAATGCATT6ATGAAGC 

KMCTRDNANRI IJ^TTMH* 

55 790 300 810 B20 830 840 

TTGGATCC 

In the preferred embodiment illustrated herein, the hybrid gene was inserted into a bovine papilloma virus (BPV) 
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expression vector and the gene was transfected into mouse C127 fibroblasts. Use of BPV in a process for producing 
recombinant DMA suitable for introduction and replication in eukaryotic cells is well known as can be seen. e.g.. from 
U S Patent 4 41 9 946 It will be appreciated that the novel hybrid gene can be used for transfection of other prokaryotic 
and eukaryotic cells, e.g. E. coli cells or in Chinese Hamster Ovary (OHO) cells and the like mammalian cells, for 
expression of the hybrid protein. oo xk- 

An illustrative example of a conventional and suitable BPV expression vector is the ptasmid pl^ON1 1 23. This vector 
is based on the 100% viral genome ligated to the well-known pBR322 derivative of pML2 and utilizes the mouse met- 
allothionein I promoter and the SV40 Late poly A addition site to regulate the expression of foreign genes. Its use for 
the expression of LACl is described by Girard et al., Thromb. Res. 55. 37-50 (1989). 

Detailed Description of the Invention 

While the specificatbn concludes with claims particularly pointing out and distinctly claiming the subject matter 
regarded as forming the present Invention, it is believed that the invention will be better understood from the following 
detailed description of preferred embodiments of the Invention taken in conjunction with the appended drawings, in 

which, briefly: w , a^-i tu i * f 

FIG 1 is a schematic diagram of an illustrative hybrid protein of the invention, designated XlcLACIki- The layout or 
Factor X light chain structure is based on Leytus et al.. Biochemistry 25 . 5098-5102 (1986). The LACl-derived portion 
of the hybrid protein is shaded and is based on Girard et al.. Nature 338 . 518-520 (1989). The arrow indicates the 
probable cloavagG site to generate the mature protein. 

FIG. 2 shows Western blots which illustrate the expression of the recombinant hybrid protein. Relative molecular 
masses of standards are shown at the right. 

FIG. 3 shows SDS-PAGE and silver staining of the purified XlcLACIk, (250 ng). The reduced sample contained 
1.25% 2-mercaptoethanol. Relative molecular masses of standards are shown at the right. 

FIG. 4 is a graphical representation which shows inhibition of Vll(a)/TF by purified LACl in the presence (•); or 
absence (O) of 0.1 ^ig/ml Factor X. 

FIG. 5 is a graphical representation which shows inhibition of Vll(a)n'F activity by barium sulfate eluted XlcLACIki 
in the presence (•): or absence (O) of 0.1 jig/ml factor X. 

FIG. 6 is a graphical representation which shows inhibition of TF-induced coagulation by purified XlcLACIki (O); 
and LACl (•). 

FIG. 7 shows a Western blot which illustrates the presence of XlcLACIki in the media of C10.1 cells cultured with 
vitamin K or warfarin. 

FIG. 8 is a schematic of the proposed inhibitory complexes with LACl and with XlcLACIki- Indentations represent 
the active sites for Vll(a) and Xa; and the protrusions represent LACls' three Kunitz domains. In the quaternary Xa/LA- 
C\m{a)fTf complex, Xa is bound at its active site to LACI's second Kunitz domain and Vll(a) is bound at its active site 
to the first Kunitz domain of LACl. Xa's gla domain interacts in a Ca-^* dependent fashion with an as yet to be identified 
site of the VIlaH'F complex. The XlcLACIki hybrid protein likely substitutes for the Xa/LACI complex. 

Standard biochemical nomenclature is used herein in which the nucleotide bases are designated as adenine (A); 
thymine (T); guanine (G); and cytosine (C). Corresponding nucleotides are, for example, deoxyguanosine-5'-triphos- 
phate (dGTP). As is conventional for convenience in the structural representation of a DNA nucleotide sequence, only 
one strand is shown in which A on one strand connotes T on its complement and G connotes C. 

Amino acids are shown herein either by three letter or one letter abbreviations as follows: 
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Abbreviated Designation 


Amino Acid 


A 


Ala 


Alamine 


C 


Cys 


Cysteine 


D 


Asp 


Aspartic acid 


E 


Glu 


Glutamic acid 


F 


Phe 


Phenylalanine 


G 


Gly 


Glycine 


H 


His 


Histidine 


1 


He 


Isoleucine 


K 


Lys 


Lysine 


L 


Leu 


Leucine 



Continuation of the Table on the next page 
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(continued) 



Abbreviated Designation 


Annino Acid 


M 


Mel 


Meihionine 


N 


Asn 


Asparagine 


P 


Pro 


Proline 


Q 


Gin 


Glutamine 


R 


Arg 


Arginlne 


S 


Ser 


Serine 


T 


Thr 


Threonine 


V 


Vat 


Valine 


W 


Trp 


Tryptophan 


Y 


Tyr 


Tyrosine 



Commonly available restriction endonucleases described herein have the following restriction sequences and (in- 
dicated by arrows) cleavage patterns: 
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A£a I 



Bam HI 



Eco RI 



Nsi I 



GGGCCC 
CCCGGG 

GGATCC 
CCTAGG 
t 

G^TTC 
CTTAAG 
f 

ATGcA" 
TACGTA 
t 



In the sequences shown in FIG. 1 , y refers to y-carboxyglutamic acid, and p refers to p-hydroxyaspartic acid. 

In a preferred embodiment of the invention, a hybrid gene encoding tor Factor X's preproleader sequence (which 
directs the y-carboxylation of glutamic acids) and light chain fused to a sequence encoding LACl's first Kunitz domain 
was designed (Fig. 1). Inserted into a bovine papilloma virus expression vector, this gene was transfecled into mouse 
CI 27 fibroblasts. Expression of the hybrid protein molecules into the media by a transf ected clone, designated C 1 0. 1 . 
was detected using Western blot analysis. Both a monoclonal antibody to Xa's light chain and a polyclonal IgG fraction 
to the NHa-terminal sequence of LACl resulted in similar staining patterns with the dominantly stained material migrating 
at 30,000 molecular weight (MW) and a less intensely stained band at 28.000 MW (Fig. 2). A diffuse band with MW 
52,000 was also observed and although it could represent oligomeric hybrid complexes, the identification of this material 
remains unclear. 

SDS-PAGE and silver staining showed that the purified hybrid protein consists of a dominant 30.000 f^W band with 
minor bands of 31,000 and 28,000 MW. This staining pattern was also obsen/ed under reducing conditions, thereby 
indicating that the multiple bands are not simply due to alternative disulfide bonding (Fig. 3). 

The ability of the expressed XlcLACIki molecules to inhibit VII(a)/TF activity was investigated. VII(a)/TF activity was 
determined by the release of the activation peptide from its substrate factor iX [Girard et al.. Thromb. Res. 55 . 37-50 
(1 988)]. Assaying extracted gel slices following SDS-PAGE of the C10.1 cells' conditioned media showed that functional 
inhibitory activity co-migrates with immuno-stained material having a MW of 30.000. No inhibitory activity was observed 
for the 28.000 or 52,000 MW materials. As previously demonstrated [Broze et al.. Blood 71 . 335-343 (1988)], Fig. 4 
illustrates that the inhibition of Vll(a)/TF activity by LACl is dependent upon the presence of Factor Xa. In contrast 
inhibition of Vll(a)/TF activity by the X|_cLACIki Hybrid was not dependent on Xa (Fig. 5). 

XlcLACIki was compared to LACt for the ability to inhibit TF-induced coagulation of normal plasma as measured 
in a modified prothrombin time assay. Fig. 6 shows that 50% apparent TF inhibition occurred with 35 ng/ml XlcLACI^i 
while 2.5 (ig/ml LACl was required for the equivalent effect. The greater relative inhibitory activity of XlcI-ACIki this 
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system is believed to reflect its ability to directly inliibit Vlla^-F while LACl requires the generation of Xa before its 
inhibition of VliaTTF becomes manifest. Further, the inhibitory effect of LACl in the prothrombin time assay is at least 
partly due to its direct inhibitbn of Xa since at the same concentrations. LACl also prolongs surface contact activated 
coagulation of normal plasma, as measured by the activated partial thromboplastin time (aPTT). 

The Y-carboxylation of glutamic acid residues on Factor light chain requires a vitamin K dependent process 
which is inhibited by warfarin. Replacement of vitamin K with warfarin in the C10.1 culture media results in an 80 fold 
reduction in Vil(a)/TF inhibitory activity (Table 1 ). while reducing the quantity of XlcLACIki in the media only ~ two fold 
Fig 7) Barium sulfate, which selectively adsorbs gla^ontaining molecules [Kisiel U Davies. Bioctie nistP^ 14 . 
4928-4934 (1975)] binds the Vll(a)/TF inhibitory activity expressed by C10.1 cells grown in the presence of vitamin K. 
indicating that the 'functional XlcL^CIk, is ycarboxylated (Table 1). Thus the y^arboxylation of XlcLACIk, appears 
essential for its Vll(a)yTF inhibitory activity, and it is concluded by the inventors that the LACIk, portion of the hybrid 
protein alone is not sufficient tor the observed inhibitory activity. In addition, neither Factor X. Xa nor inactivated Xa (Xa 
treated with dansyl-L-glutamyl-L-glycyl-L-arginine chloromethyi ketone) possessed Vll(aKTF inhibitory activity though 
each contains the X light chain found in the XlcLACIk, hybrid. These results indicate both the X light chain and LACIki 
portions of the hybrid protein are necessary for Vll(a)n"F inhibitory activity. 

A schematic illustrating the formation of the XayLACI/VII(aVTF and Xi.cL^ClK/Vll(a)^F inhibitory complexes is 
shown in Fig. 8. It is believed by the inventors that the Xt_cLAClKi mimics the Xa/LACI complex in binding to and inhibiting 
Vlla/TF LACI's inhibition of Vll(ayTF activity occurs by a novel feedback inhibition mechanism requiring the generation 
of Xa a product of Vll(a)/TF catalytic activity. In contrast, the XlcLACIk, hybrid protein inhibits Vll(a)yTF activity directly 

In order to illustrate the invention in greater detail the following preparative laboratory work was carried out to gen- 
erate the results set forth herein, including the appended drawings. The methods described are subdivided for relation 
to the results shown in FIGS. 1 to 7 and Table 1 . It will be appreciated, however, that the invention is not limited to these 
specific examples. 



EXAMPLES 



FIG. 1 

Site-directed mutagenesis was performed on a modified LACl cDNA insert [Girard et a!.. Nature 338. 518-520 
(1 989)] to create a Nsi 1 site between LACl's first and second Kunitz domains' coding sequences. A naturally occurring 
Nsi 1 site exists upstream from the first Kunitz domain's coding sequence. Following Nsi 1 digestion, the region encoding 
LACI's first Kunitz domain was isolated and ligated into the Nsjl site of pGEMXlc to create pGEMXlc LACIki- pGEMXlc 
was derived from a commercially available ptasmid. pGEM (Promega. Madison, Wl) containing a cDNA insert encoding 
tor human Factor X with the naturally occurring Eco R1 site eliminated by a modification which does not alter the encoded 
amino acid sequence (from A. Strauss, Washington University, St. Louis, MO). pGEMXlc contains a modified partial 
cDNA encoding for the light chain of Factor X lined via an A^a I site to complementary synthetic oligomers. The synthetic 
oligomers encode for additional Factor X light chain sequence, followed by LACl NHg-terminal sequence which precedes 
the first Kunitz domain and includes the naturally occurring Nsi 1 site, followed by two stop codons and convenient 
restriction site palindromes. The pGEMXlcLACIk, insert was excised with Bam HI and ligated into the bovine papilloma 
virus expression vector pMON1 1 23 and the resulting plasmid, pMONXlcLACI,, was used with pSV2neo to co-transfect 
C127 mouse fibroblasts [Girard et al.. Thromb. Res. 55 . 37-50 (1988)]. 

FIG. 2 

For the Western blots, five fold concentrated serum-free conditioned media (25 ^1) from a transfected cloned cell 
line, designated C10.1, and 40 ng purified LACl or 60 ng Factor X were run on a 15% polyacrylamide gel, transferred 
to nitrocellulose, probed with anti-LACl^pepti^e) '9^ or anti-X monoclonal antibody and colorimetrically developed by 
conventional procedure as described by Girard et al., Thromb. Res. 55 . 37-50 (1983). 

FIG. 3 

XlcLACIki was purified from C10.1 serum free conditioned media by barium sulfate adsorption and elution [Kisiel 
& Davies. Biochemistry 14 . 4928-4934 (1975)], followed by anhydrotrypsin affigel affinity chromatography [tshii et al.. 
Meth. Enzvmol. 91 . 378-383 (1983)]. and Mono Q anion exchange chromatography [copending application Ser. No. 
07/77,366. filed July 23, 1987 and Broze et al.. Blood 71 . 335-343 (1988)]. 
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The purification of LACI was carried out by conventional procedure as described by Broze et al. , Tfiromb. Res. 48 . 
253-259 (1988). XlcLACIki was partially purified from 200 ml of C10.1 serum-free conditioned media by barium sulfate 

5 adsorption [Kisiel & Davies. supra.1 and eluted with 0.2 M sodium citrate. The preparation was then concentrated and 
dialyzed into TS buffer (100 mM NaCI. 50 mM tris-HCI. pH 7.4); final volume = 1 ml. VII(a)/TF Inhibition was assayed 
using a previously described ^H-IX activation peptide release assay [Girard et al., Thromb. Res. 55 . 37-50 (1988)] 
except that the Factor VII in the assay was replaced with Vila since in some assays no X (or Xa) is present to activate 
the VII to Vila. Heparin (2 units/ml) was also present in the assay system, in this assay the activation of IX by VII(a)/TF 

10 is measured as release of TCA soluble tritiated activation peptide from .adiolabeled IX and VII(a)/TF inhibitory activity 
results in decreased TCA soluble cpm. [TCA = trichloroacetic acid]. Nanograms LACI equivalents were determined from 
a standard LACI concentration cun/e. 

FIG. 6 

15 

TF-induced coagulation was measured by a modified prothrombin time assay in a fibrometer (BBL, Cockeysville, 
MD) by incubating 60 ^l rabbit brain cephalin. 60 \i\ crude EDTA-washed TF [Broze & Majerus. J. Biol. Chem. 255. 
1242-1 247 (1980)]. 10 ^il sample and 60 \i\ normal human plasma (George King, Overland Park. KS) at 37"C. After 30 
seconds. 60 ^1 CaCls (25 mM) was added and the time to clot formation determined. In the absence of the inhibitors 
20 the ctotting time of the assay was 29 seconds. A standard curve plotting TF concentration versus clotting time (log-bg 
plot) was used to determine apparent TF activity at various inhibitor concentrations in the assay. 

Table 1 

25 

This table shows the effects of vitamin K 
versus warfarin on the expression of VII(a)/TF 
inhibitory activity and the ability of barium sulfate 
to adsorb this activity. 

Comparison of VII(a)/TF inhibitory activity expressed by ClO.l 
35 cells grown in the presence of vitamin K versus warfarin 



sample 

vitamin K 

media 

BaS04 nonadsorbed 
EaS04 adsorbed 



expressed inhibitory activity 
(ng LACI equivalence/ml media) 



590 
3 

420 



warfarin 



media 

BaS04 nonadsorbed 
BaS04 adsorbed 



50 



Upon reaching confluence, CI 0.1 cells expressing XlcLACIki were transferred to serunn-free conditioned nnedia 
containing vitamin K (1 ng/m!) or warfarin (20 p-g/ml). The culture nnedias were replaced on days 0, 1 and 2 and harvested 
55 on day 5. Ten ml of each media were barium sulfate adsorbed as described under Fig. 3, above, and adsorbed proteins 
were eluted with 0.2 M sodium citrate. The barium sulfate adsorbed and eluted materials, barium sulfate nonadsorbed 
materials and 1 0 ml of additional conditioned medias were each dialyzed into TS buffer and concentrated; final volumes 
= 1 ml each. Samples were diluted appropriately in TBSA buffer and assayed for inhibition ot VII(a)/TF activity. Nano- 
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grams LACI equivalents were determined from a standard LACI concentration curve. 
FIGURE 7 



5 For the Western blot. 20 nl of each concentrated media was electrophoretically fractionated by SDS-PAGE trans- 

ferred to nitrocellulose, probed with an anli-X-monoclonal antibody followed by an anti-mouse IgG-alkaline phosphatase 
conjugate and developed colorimetrically „..ri,u„.„ 
Various other examples will be apparent to the person skilled in the art after reading the present disclosure wrthout 
departing from the spirit and scope of the invention. It is intended that all such other examples be included within the 

10 scope of the appended clainris. 

Claims 

15 1. A single^hain hybrid protein having an amino acid sequence composed of two subsequences corresponding to 
the light chain o1 Factor X and LACI's first Kunitz domain. 

2. A single-chain hybrid protein having an amino acid sequence as shown in FIG. 1 (Fig. 1 A + Fig. 1 B) of the drawings. 

20 3. The single-chain hybrid protein of either Claim 1 or Claim 2 for use as a medicament. 

4. The single-chain hybrid protein of either Claim 1 or Claim 2 for use as a blood coagulation inhibitor 

5. The single-chain hybrid protein of either Claim 1 or Claim 2 for use as a blood coagulation inhibitor in a mammal. 

6. Use of a single-chain hybrid protein according to either Claim 1 or Claim 2 for the manufacture of a medicament for 
use as a blood coagulation inhibitor in a mammal. 



25 
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55 



7. A DNA sequence comprising a sequence encoding the hybrid protein of Claim 1 

8. A DNA sequence comprising a sequence encoding the hybrid protein of Claim 2. 

Patentanspruche 

1. Einkettiges Hybridprotein mit einer Aminosauresequenz. die aus zwei Untersequenzen zusammengesetzt isl. ent- 
sprechend der leichten Kette von Faktor X und der ersten Kunitz-Domane von LACI. 

2. Einkettiges Hybridprotein mit einer Aminosauresequenz, wie in Fig. 1 (Fig. 1 A + Fig. 1 B) der Zeichnungen gezeigt. 

3. Einkettiges Hybridprotein nach Anspruch 1 oder Anspruch 2 zur Verwendung als Medikament. 

4. Einkettiges Hybridprotein nach Anspruch 1 oder Anspruch 2 zur Verwendung als Blutkoagulationsinhibitor. 

5. Einkettiges HybridproteinnachAnspoJchl Oder Anspruch2zurVenwendungalsBlutkoagulationsinhibitorbeieinem 
Sauger 

6. Venwendung eines einkeUigen Hybridproteins nach Anspruch 1 oder Anspruch 2 zur Erzeugung eines Medikaments 
zur Venwendung als Blutkoagulationsinhibitor bei einem Sauger. 

7. DNA-Sequenz. welche eine fur das Hybridprotein des Anspruchs 1 codierende Sequenz aufweist. 

8. DNA-Sequenz, welche eine fur das Hybridprotein des Anspruchs 2 codierende Sequenz aufweist. 

Revendications 

1 . Proteine hybride a chaine unique, dont ia sequence d'acides amines se compose de deux sous-sequences corres- 



9 



EP 0 439 442 B1 

pondant ^ la chaTne !6g6re du facteur X et au premier domaine de Kunilz du LACI. 

2. Proteins hybrids k chame uniqua. dont la sequence d'acides amines est representee sur la figure 1 (figure 1 A + 
figure IB) des dessins. 

5 

3. Proteine hybrids k chains unique, conforms a Tune ou I'autre des revendications 1 st 2. destines a strs utilisss 
comme m^dicamsnt. 

4. Proteine hybride a chaine unique, conforme k I'une ou I'autre des revendications 1 et 2, destinee a etre utilisee 
10 comme inhibiteur de la coagulation du sang. 

5. Proteine hybride k chaTne unique, conforme k I'une ou I'autre des revendications 1 et 2. destin6e k 6tre utilis6e 
Chez un mammif6re comme inhibiteur de la coagulation du sang. 

15 6. Emploi d'une proteine hybride a chaine unique, conforme a I'une ou I'autre des revendications 1 et 2. pour la pre- 
paration d'un medicament destine a etrs utiliss chez un mammifere comme inhibiteur de la coagulation du sang. 

7. Sequence d'ADN comportant une sequence codant une proteine hybride conforme a la revendication 1 . 

20 8. Sequenco d'ADN comportant une sequence codant une proteine hybride conforme a la revendication 2. 
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FIG. 7 
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